Human topoisomerase I (Top1) plays a pivotal role in cell replication and transcription, and therefore is an important anti-cancer target. Thiazolidinone and Azetidinone derivatives of 6-substituted 2-aminobenzothiazoles were synthesized and tested for their topoisomerase inhibitory activity and cytotoxicity by computational methods. Among the synthesized thiazolidinone and azetidinone analogs, compound 5avi and 6cvi exhibited potent topo I inhibitory activity and strong cytotoxicity. Interestingly, consistency was observed between the cytotoxicities and topo I activities in these thiazolidinone and azetidinone analogs, suggesting that the target of compound 5avi and 6cvi is limited to topo I. Molecular docking studies were performed with the Molecular Operating Environment (London DG Scoring Function) program to afford the ideal interaction mode of the compound into the binding site of the DNA-topo I complex in order to clarify the topo I activity of 5avi and 6cvi..
INTRODUCTION
Eukaryotic DNA topoisomerase I (topo I) is a crucial enzyme that works to relax supercoiled DNA during replication, transcription, and mitosis [1] . In a number of human solid tumors, the intracellular level of topo I is higher than that in normal tissues, signifying that controlling the topo I level is essential in treating cancers [2] . By stabilizing the cleavable topo I-DNA ternary complex with drug, topo I inhibitors exhibit their antitumor activities. Therefore, topo I enzyme has been considered a promising target for the development of novel cancer chemotherapeutics [3] . Several reviews have compiled the numerous Top1 inhibitors that have been isolated, synthesized, and evaluated in vitro and in vivo [4, 5] .
The X-ray crystal structure published by Stewart, et al. of the human DNA topoisomerase (70 Kda) in complex with the camptothecin and covalent complex with A 22 base pair DNA duplex (PDB ID: 1T8I) were retrieved from protein data bank [6] based on good resolution and Ramachandran's plot analysis. The structure was chosen because of its high resolution 3.0 Å compared to other available structures. In the Ramachandran's plot analysis, the residues were classified according to their regions in the quadrangle, which shows human DNA topoisomerase (1T8I) is having 87.3% residues in most favorable region and there is no residue in disallowed region.
In this investigation, we observed the chemical synthesis of benzylidene derivatives and their potent topo I inhibitory activity and cytotoxicity by docking using MOE software. In general, the binding mode of a drug to its receptor site is influenced by subtle electronic or steric factors, and these two functions play an important role in the bioactive conformation of the drug molecule. Rigid structures are commonly considered to have little conformational entropy compared to flexible molecules and can be more efficiently fitted into the binding site of a receptor [7] .
CHEMISTRY 2.1 Chemical synthesis of 6-substituted 2-(benzo(d)thiazol-2ylamino)-N-arylidene acetohydrazides 4a(i-viii) -4d(i-viii):
An equimolar (0.01mole) each mixture of 3a and appropriate aromatic aldehydes (i-viii) in ethanol (25ml) containing 2-3 drops of acetic acid was refluxed on a water bath for 3-4hrs. The solvent was distilled off under reduced pressure and the residue was poured into ice cold water to obtain the product. The compound was filtered and washed with cold water and dried. The crude product was recrystallized from ethanol. Various arylidene derivatives were synthesized by adopting the procedure where the physical, analytical properties are cosidered
Chemical synthesis of 6-substituted 2-(benzo(d)thiazol-2ylamino)-N-(2-aryl-4-oxothiazolidine-3-yl) acetamide 5a(i-viii) -5d(i-viii):
A mixture of 6-substituted 2-(benzo(d)thiazol-2ylamino)-Narylidene acetohydrazides [4a(i-viii) -4d(i-viii); 0.001 mole] and mercaptoacetic acid (0.001 mole) was dissolved in dioxane (20 ml) and pinch of anhydrous zinc chloride was added. The reaction mixture was heated under reflux for 12 hrs. and the solvent was removed as far as possible. The residue was cooled triturated with crushed ice (50 gm). The solid separated was filtered, washed with 5% sodium bicarbonate solution until no effervescence were observed and then with portion of a cold water. The crude product was purified by recrystallisation from ethanol to get a crystalline compound.
Following the general procedure described above, thiazolidinones 5a(i-viii) -5d(i-viii) were synthesized and characterized data's are given in the Table- To a mixture of 6-substituted 2-(benzo(d)thiazol-2ylamino)-N-arylidene acetohydrazides [4a(i-viii) -4d(i-viii); 0.001 mole], triethylamine (0.003 mole) dissolved in dioxane (25 ml) and chloroacetylchloride (0.0012 mole) was added drop wise while cooling and stirring. The reaction mixture was stirred for 14 hrs. at room temperature and solvent was removed under reduced pressure. The residue was cooled and triturated with crushed ice (50 gm). The solid separated was filtered, washed with small portion of cold water and dried. The product was purified by recrystallisation from aqueous ethanol to get a pure crystalline compound.
Adopting the similar procedure the azetidinones were synthesized whose physical and analytical particulars are given in Table- II. 
COMPUTATIONAL METHODS

Selection of PDB Structure:
The protein data bank (PDB) is a collection of crystal structures for proteins with bound ligands and co-activators. The X-ray crystal structure published by Stewart, et al. of the human DNA topoisomerase (70 Kda) in complex with the camptothecin and covalent complex with A 22 base pair DNA duplex (PDB ID: 1T8I) were retrieved from protein data bank [6] based on good resolution and Ramachandran's plot analysis. The structure was chosen because of its high resolution 3.0 Å compared to other available structures. In the Ramachandran's plot analysis, the residues were classified according to their regions in the quadrangle, which shows human DNA topoisomerase (1T8I) is having 87.3% residues in most favorable region and there is no residue in disallowed region.
Ligand generation and Optimization:
The chemically synthesized thiazolidinone and azetidinone series derivatives were sketched using ACD/ ChemSketch (12.0) software and saved in mol file format. The saved ligand compounds were later imported in MOE and refined using a systematic conformer search followed by geometry optimization and energy minimization of the lowest energy structure using the Merck Molecular Force Field (MMFF94) [9] . The individual compounds were finally saved in mol file format for further binding studies.
Docking Algorithms:
Here we report the use of MOE-Dock by Chemical Computing Group Inc. [10] , which has the advantage flexible docking as well as integration with a graphical interface as well as with other modules, such as analysis, molecular mechanics, and molecular dynamics. Macromolecular crystallographic data, when available, can be a valuable source of information for discovering active ligands. MOE provides a collection of applications for visualizing and understanding details of receptor active sites and receptorligand interactions. These applications are used to suggest improvements to ligands or screen ligand databases for candidate binders. MOE-Dock utilizes a Monte Carlo simulated annealing process for docking a substrate into the active site of a macromolecule.
Docking Simulations:
London dG Dock:
In MOE London dG scoring is used as default setting to calculate the exact confirmation and configuration of the ligand to find the best molecule with minimum binding energy [11] and it can be used to develop potential drug molecules against the disease. The London dG scoring function estimates the free energy ∆G of binding of the ligand from a given pose.
Active Site Detection & Visualization:
Detection of candidate protein-ligand and protein-protein binding sites using a fast geometric algorithm is based on Edelsbrunner's alpha shapes [12] . Each site on a macromolecular structure is ranked according to its accessible hydrophobic contact surface. Visualization of individual sites or populate them with "dummy atoms" is used for docking calculations or starting points for de novo ligand design efforts [13] .
RESULTS AND DISCUSSION
Docking Study:
In order to determine the binding mode of action of the most potent DNA topo I inhibitor, we performed a docking study.
Since the main goal of this study was to perform docking to understand binding between receptor and 64 thiazolidinone and azetidinone series derivatives to get fruitful results. During docking most of the default settings were applied except that the number of Retain was 10 instead of 30 during docking in MOE. Protein structures were first repaired and then appropriately protonated in the presence of ligand using the Protonate3D [14] process in MOE. Proteins prepared in this manner were applied directly for docking. It is well documented in literature [15] that if a crystallographic structure of the protein complexed with a relatively close analog of the ligand is available, "ligand-based docking" may be performed. In this procedure, one or more conformations of the candidate ligand are fitted to the crystallographic structure of the known ligand by optimizing the similarity in electrostatic and steric potentials. The experimental structure of the "template" ligand is then deleted, leaving the candidate ligand docked to the protein. In addition, the conformation of the fitted ligand may be simultaneously optimized during the fitting. The same strategy was used to get best docking results. The default procedure using Triangle Matcher placement method with London dG scoring was used for the docking runs. derivatives can be docked and aligned into the DNA topoisomerase allosteric binding site extremely well. The docking studies reveal that the most active compound 5avi from thiazolidinone derivate and 6cvi from azetidinone binds to protein not only due to hydrogen bonding but due to hydrophobic and electrostatic interactions also. Table III  contains docking scores of all 32 thiazolidinone ligands and  Table IV contains docking scores of all 32 azetidinone ligands. The best ligand was chosen on the basis of high London dG Scoring and highly interacting amino acid residues. From each of 32 thiazolidinone and azetidinone series derivatives the compound 5avi shows high binding score and the interactions of the compound with the protein is shown in figure 1 . The ligand poses were analyzed and interaction of ligand molecule with the 1T8I protein structure was studied on the basis of H-bonding made by the poses to the receptor molecule and close contacts (Vander Waals clashes) between the poses and receptor molecule. As it is well known, H bonds play an important role for the structure and function of biological molecules, especially for the enzyme catalysis.
CONCLUSION
In the present study, each of 32 thiazolidinone and azetidinone series derivatives were docked in active site of Human DNA Topoisomerase I enzyme. From the docking analysis, the compounds 5avi of thiazolidene and 6cvi of azetidinone derivative shows high binding affinity with the receptor. Further careful inspection of the binding pocket indicated the compound 5avi shows H-bond interactions with active site residues of Human DNA Topoisomerase I such as DT10, TGP11, DG112, DA113, ASN352, Glu356, Lys374, Lys425 and the compound 6cvi shows interactions with DT10, TGP11, Glu 356, lys425, Arg 4888. Hence, compound 5avi of the thiazolidinone series and 6cvi of azetidinone series can be assumed to be the most potent topo I inhibitor and can be potentially act as anti-cancer target.
